The effectiveness of diazepam as premedication when administered by two different l m techniques was compared with hydroxyzinc in 84 male and 101 female patients Variables studied were relief of anxiety, sedation, acceptance by both patient and anaesthetist and pain at the injection site. Diazepam 20 mg in male and diazepam 10 ing in female patients administered by a Z-trvck injection technique were as effective premedicants as hydroxyzine lOOmgi.m. In men diazepam was as good as hydroxyzme regardless of the injection technique In women the technique of injection of the diazepam was critical to achieving good results. The Z-track injection method decreased the amount of severe pain on injection in both sexes to levels similar to those achieved with hydroxyzine.
Although the value of diazepam i.v. in premedication has been demonstrated previously (Wender et al., 1977) , its efficacy following j.m. injection is more controversial. This paper compares dia2epam i.m. with hydroxyzine, a drug known to be effective following i.m. administration (Grady and Rich, 1961) . In addition, we investigated whether better results were obtained with standard or with Z-track administration of diazepam.
PATIENTS AND METHODS
One hundred and eighty-five patients, 84 men and 101 women (aged 18-73 yr), in good health and undergoing a variety of operative procedures, with the exception of cardiac surgery and neurosurgery, were studied. None had received a sedative or narcotic drug on the day of study.
In the first part of the study, the drugs were administered by a routine technique in the vastus lateralis using a 1.5-inch, 22-gauge needle. Ordinary care was used in attempting to avoid subcutaneous rather than i.m. injection. A total of 108 patients participated in this section of the study (49 male and 59 female). The drugs (diazepam 10 and 20 mg, and hydroxyzine 100 mg) were given in a double-blind randomized manner. The study was continued until there were a minimum of 14 male and 14 female patients in each group. All observations before operation were made by a tramed nurse observer. Before premedication the patient was asked to evaluate his level of anxiety as negligible, mild, moderate or severe. Five minutes after injection of the drug, his sedation, as compared with the unpremedicated state, was rated as 0 (unchanged), 1 +, 2 +, 3 +, 4 + (improved), or 1-,2 -,3 -,4-(worsened). The patient was asked to rate anxiety as compared with the unpremedicated state using a similar scale. The evaluation of sedation and relief of anxiety was repeated at 15, 30, 45 and 60min. Side-effects were noted.
The anaesthetists rated the effect of the drug, without knowledge of its identity, at the time of operation. The overall effect was graded poor (0), fair (1+), good (2 + ) or excellent (3 + ). They stated if they would like their patients to receive the medication again. Comments on what they liked or disliked most about the effect of the drug were invited.
Interviews 24 h after operation were made by the nurse observer who was unaware of the identity of the premedicant. The patients were asked to rate the study drug as poor (0), fair (1 +), good (2 +) or excellent (3 +), and if they would like to have the drug again. The injection site was examined for tenderness. This was rated 0 (no pain), 1+, 2 + , 3 + (severe pain).
In the second part of the study, diazepam was administered using a 1.5-inch, 22-gauge needle in the vastus lateralis with special attention given to achieving direct i.m. injection. A "Z-track" method was used in which the skin was displaced before insertion of the needle and then allowed to return to its original position after the injection was completed.
A total of 77 patients (35 men and 42 women) participated in this part of the study. Diazepam 10 or 20 mg was given until a minimum of 14 patients of each sex has received this drug. Data were collected as in the first part of the study.
For statistical analyses, raw scores were transformed into ridits based on the hydroxyzine 100 mg data at the corresponding time periods. Analyses were carried out separately for each sex because of the obvious difference in response between the two. We investigated changes in the curves by taking the difference of the ridit sum of the 45-and 60-min points and the 15-and 30-min points. The differences were subjected to a oneway analysis of variance. An appropriate Z statistic was used. Significance was taken at P<0.05.
RESULTS
No statistically significant bias could be demonstrated between the height, weight or age of the patients in any group and the variables studied. No side-effect of any consequence was noted.
Diazepam and hydroxyzine, routine injection
Anxiety ( fig. 1, fig. 2 ). The sedation scores, obtained by the nurse, were statistically similar to the results for the relief of anxiety.
Acceptance by the patient 24 h after surgery. No significant difference was found between any of the drugs or doses for either sex.
Acceptance by the physician (table II) . The physicians rated diazepam 20 mg higher than diazepam 10 mg. Diazepam 20 mg and hydroxyzine 100 mg were rated equally in men. Hydroxyzine 100 mg was rated the highest in women. The greater dose of diazepam would be used again more frequently than the lower dose.
Diazepam administered by Z-track
Anxiety in men (table I) . The relief of anxiety was greater with diazepam 20 mg than with diazepam 10 mg; this trend was not significant. There were no significant differences between the scores with Z-track administration and those with routine i.m. injection.
Anxiety in women (table I, between either dose of diazepam and hydroxyzine. Sedation (table I, females fig. 4 ). The sedation scores, obtained by the nurse, were statistically similar to the relief of anxiety curves.
Acceptance by the patient 24 h after surgery. No significant difference was found between the two doses. No significant difference was found for this method of administration and routine i.m. injection in either sex.
Acceptance by the physician (table II) . The clinicians rated diazepam 20 mg superior to diazepam lOmg in men. The Z-track ratings were similar to those for the routine route of administration. For women, the anaesthetists rated all the diazepam doses, regardless of route of administration, similarly.
DISCUSSION
Diazepam has been found to be an effective premedicant when given by mouth or i.v. Its i.m. use is controversial. Early workers suggested that it was quite effective for the relief of anxiety. However, McCaughy and Dundee (1972) obtained better sedation following oral rather than i.m. administration. A further follow-up study demonstrated that the blood concentrations following i.m. injection depended on the site of injection, the length of the needle and the experience of the person giving the injection. If clinicians gave the injection in the vastus lateralis muscle, the blood concentrations were only slightly less than those obtained after oral administration. Even so, it was felt that the i.m. injection was too painful and the oral route was preferred. Korttilla and Linnoila (1975) reported a high frequency of pain during the injection of diazepam into the thigh, but concluded that better sedation was obtained after i.m. use, despite the lower blood concentrations. They suggested that this was the result of the more rapid onset of the effect following i.m. administration.
Our clinical impression and that of others (Tornetta, 1965; Haslett and Dundee, 1968) has been that diazepam i.m. can be used effectively as a premedicant. In general, the results of this study support this and, in addition, suggest that there may be a previously unreported difference between the use of i.m. diazepam in men and women.
We chose hydroxyzine as a reference premedication since it provides good relief of anxiety when used in a dose of 100 mg. Its effectiveness has been demonstrated in previous studies (Grady and Rich, 1961; Bizzari et al., 1963) and there have been no questions raised concerning its absorption following administration i.m.
Our results indicate that, in men, diazepam injected in a routine i.m. manner compared favorably with hydroxyzine 100 mg. There was non-significant effect of dose; the 20-mg dose scored slightly higher than the 10-mg dose, especially in the anaesthetists' opinion. On the whole, however, there was little difference between either of the doses of diazepam and hydroxyzine based on the relief of anxiety, production of sedation, and acceptance by the patient.
The i.m. injection of diazepam using a standard technique led to significantly lower scores for relief of anxiety and sedation than hydroxyzine in women. Indeed, considering these results in female patients alone, i.m. diazepam could not be recommended. Since diazepam is relatively lipidsoluble and water-insoluble (Greenblatt and Shader, 1974) , inadvertent injection into adipose tissue could lead to poor uptake. Women have a much larger layer of subcutaneous fat than men and this may predispose to injection into this area rather than into muscle. This anatomical variation is the most likely explanation for the observed results. Gamble, Dundee and Assaf (1975) and Assaf, Dundee and Gamble (1975) did not study i.m. diazepam in males; our results are consistent with their finding of poor uptake in female patients.
Diazepam is known to be irritating when given i.v., an effect of the drug itself and of the vehicle necessary to make it soluble (Graham, Pagano and Katz, 1977) . It also causes pain on i.m. injection. In our study, about 50% of patients of both sexes complained of severe pain on routine i.m. injection of 20mg (table III) . This is greater than the 18% frequency of severe pain in males and 39% in females following i.m. hydroxyzine (table  III) . Using this different technique of injection, we found that the relief of anxiety and sedation in the female patients were almost identical to that obtained with hydroxyzine 100 mg. The scores for male patients were not improved over those following routine i.m. injection. However, in both men and women there was a decrease in the percentage reporting severe pain on injection (table III) . We cannot say whether the Z-track was effective in increasing absorption in men and decreasing pain on injection in both sexes because it prevented leakage of the diazepam back into the subcutaneous tissue or because it encouraged deeper penetration. Quite possibly both mechanisms are valid.
Neither of the drugs, regardless of dose or mode of injection, was outstanding as regards the percentage of either patients or clinicians who would wish the same premedicant again. In clinical practice, these drugs would normally be combined with a narcotic and in a subsequent study (to be published), we show an increase in acceptability with this combination.
We have not compared the effectiveness of i.m. diazepam with that of oral administration. Our results indicate that, properly administered i.m. with a Z-track method, diazepam can provide as effective relief of anxiety, sedation, acceptance by patient and clinician, and absence of severe pain on injection as hydroxyzine 100 mg. Thus, the i.m. route is acceptable where the oral route is not desirable or not available. We also suggest that, while men may get some slight additional effect from diazepam 20 mg, there is no advantage to using more than lOmg in female patients. 
SUMARIO
Se compararon las efectividades relatives del diazepam y de la hidroxicina como premedicamentos, al admirnstrarse mediante dos tecnicas intramusculares diferentes, en 84 pacientes masculinos y en 101 femeninos Las variables estudiadas fueron el alivio de la ansiedad, la sedacion, la aceptacion por ambos paaentes y por pane del anestesista y el dolor en el lugar de la myeccion 20 mg de diazepan admimstrados a los pacientes masculinos y lOmg de diazepan admirustrados a las paaentes femerunas, mediante una tecnica de inyecaon de rastro en Z, fueron premedicamentos tan efectivos como lOOmg intramusculares de hidroxicina. En lo relativo a los pacientes masculinos, el diazepan fue tan efectivo como la hidroxicina, independientemente de la tecnica empleada para la myeccion. En lo tocante a las paaentes femeninos, el tipo de tecnica usada para la lnyecaon de diazepam fue algo cntico para lograr buenos resultados El metodo de myeccion de rastro en Z disminuyo el dolor agudo durante la inyecaon en ambos sexos, a niveles sirrulares a los conscguidos con hidroxicina.
